Abstract. Ovarian cancer is one of the most common types of reproductive cancer, and has the highest mortality rate amongst gynecological cancer subtypes. The majority of ovarian cancers are diagnosed at an advanced stage, resulting in a five-year survival rate of ~30%. Early diagnosis of ovarian cancer has improved the five-year survival rate to ≥90%, thus the current imperative requirement is to identify biomarkers that would allow the early detection, diagnosis and monitoring of the progression of the disease, or of novel targets for therapy. In the present study, secreted proteins from purified ovarian control, benign and cancer cells were investigated by mass spectrometry, in order to identify novel specific markers that are easy to quantify in patients sera. A total of nine proteins revealed significant differential secretion from control and benign cells, in comparison with ovarian cancer cells. The mRNA expression levels of three of these proteins (Dickkopf protein 3, heat shock protein 10 kDa and gelsolin) were subsequently evaluated by reverse transcription-quantitative polymerase chain reaction. Combined with the protein level in serum, the present study identified that gelsolin may be a useful marker of ovarian cancer.
Introduction
Ovarian cancer is the fifth leading cause of cancer-associated mortality in the Western world, the second most common cause of gynecological cancer and the leading cause of mortality due to gynecological malignancies (1) . Epithelial ovarian cancer (EOC), which accounts for 85-90% of ovarian types of cancer, does not follow a traditional metastatic route via the bloodstream (2) . The metastatic process occurs by two alternate pathways as follows: By direct extension to adjacent organs (for example extra-ovarian pelvic organs, colon, bladder and liver), or by exfoliation of EOC cells from the primary tumor (2) . The latter pathway leads to aggregation into multicellular spheroids carried by the peritoneal tumor fluid, ascites, to the surrounding organs in the peritoneal cavity (2) .
Largely asymptomatic, ≥70% of patients with ovarian cancer have reached an advanced stage of the disease by the time of initial diagnosis, and the overall five-year survival rate for these patients is <30% (3) . The current regimen of chemotherapy for ovarian cancer consists of a taxane and platinum based therapy (4) . This strategy for the treatment of advanced-stage ovarian cancer results in an initial remission for ≤80% of patients (4) . However, following a short remission period (usually 6-22 months), recurrence occurs in almost all patients (3) . The lack of effective diagnostic and prognostic tools for ovarian cancer renders this particular type of cancer challenging to manage, and the majority of patients develop chemotherapy resistant tumors and relapse (3) .
The carbohydrate antigen 125 (CA125) is the most widely used tumor marker in ovarian cancer (5, 6) . However, the sensitivity and specificity of CA125 are disadvantages as its expression level is increased in ~80% of all EOC cells and in 30% of stage I EOC cells (5, 6) . Furthermore, positive values may also be identified in numerous physiological phenomena and benign diseases, including benign pelvic tumors or pelvic inflammatory diseases. CA125 is useful for the follow-up of high-risk patients (including breast cancer 1 positive patients) and for assessing the response to chemotherapy. However, CA125 alone is not a sufficient marker for the diagnosis of ovarian cancer (5, 6) . Human epididymis protein 4 (HE4), a relatively novel marker for ovarian carcinoma, may provide an improved correlation with the presence of ovarian and endometrial cancer, compared with CA125 (7) . Ultimately, the combination of markers including CA125 and HE4, may be the best way to improve the diagnosis of EOC (7) . The data suggest that markers with increased effectiveness remain to be identified.
During previous decades, proteomics has become an extensively developed technique used for biomarker identification in various human diseases, including ovarian cancer (8) . Proteomics may also improve the understanding of ovarian cancer at the molecular level (8) . It may provide an image of a proteome, that may allow identification of the mechanisms underlying the initiation of ovarian cancer, and reveal novel directions for the treatment of the disease (8) .
Certain previous studies have analyzed the proteomic profiles of ovarian tumor tissues, cell lines, urine, ascites fluid and blood samples (8) (9) (10) (11) (12) (13) (14) . Analysis of the ovarian cancer cell line secretome has also provided information on potential markers (11, 15) . However, these studies were based on cancer cell line comparison analyses, and the in vivo physiological and pathological relevance was questionable. In order to overcome these difficulties, a recent study used primary ovarian cells instead of ovarian cell lines (16) . From this study, three proteins were selected and validated by immunoassay in blood samples as potent markers for ovarian cancer. However, for proteomic and immunoassay investigations, no patients with benign disease of the ovary were included. This group of patients is useful for validating the specificity of ovarian cancer markers. Furthermore, ovarian cancer samples from various histological types were pooled into a single ovarian cancer group, whereas those samples led to alternate pathologies based on their origin. The present study investigated the proteome of secreted proteins from the ovarian control (CTRL), benign ovarian lesion (BOL) and high-grade serous ovarian carcinoma (HGSOC) cells in order to identify novel specific markers easily measurable in patients' sera.
Materials and methods
Patient characteristics. The present study was approved be Ethics Committee of Maternity and Pediatrics, University Hospital of Geneva (Geneva, Switzerland). Written informed consent was obtained from all patients prior to enrollment in the present study (between 2009 and 2011). All tissue samples were separated into three alternate groups of epithelial ovarian cells. For the CTRL group (n=4), the tissue extraction and the purification of cells was performed on ovaries without significant histological modification. BOL cells were obtained from patients with BOL pathology (n=3). For the final group, cancer cells were isolated from ascites (n=8) in patients with HGSOC, International Federation of Gynecology and Obstetrics stage IIIC. Furthermore, no significant differences were identified in mean age between the CTRL (64.25±7.59), BOL (52.33±11.5) and HGSOC (55.38±12.49) groups.
Purification of cancer cells. Ascites were centrifuged at 600 x g for 8 min at room temperature (RT). The cell pellets were washed in Hanks' balanced salt solution (HBSS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) substituted with 25 mM HEPES (Gibco; Thermo Fisher Scientific, Inc.) and 0.05 mg/ml gentamicin (Invitrogen; Thermo Fisher Scientific, Inc.), filtered through a 100 µm mesh (BD Biosciences, San Jose, CA, USA) and centrifuged again at 600 x g for 8 min at RT. The resulting pellets were resuspended in Dulbecco's modified Eagle's medium (DMEM; Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) substituted with 10% fetal bovine serum (FBS; Biochrom, Ltd., Cambridge, UK) and 25 µg/ml plasmocin (InvivoGen; San Diego, CA, USA). This cell suspension was loaded onto a Percoll ® (GE Healthcare Life Sciences, Chalfont, UK) gradient (4 layers of Percoll ® diluted in 10, 30, 40 and 70% HBSS) and centrifuged at 1,200 x g for 20 min at RT. Subsequently, the cellular ring between Percoll ® layers 40 and 20% were collected, diluted in DMEM and centrifuged at 600 x g for 8 min at RT. The pellets were resuspended and cells were seeded at a density of 5x10 5 in a 3-cm petri-dish.
Purification of BOL and CTRL cells. Ovarian tissue was digested using 4 mg/ml dispase (Gibco; Thermo Fisher Scientific, Inc.) in HBSS-HEPES (filtered on 0.22 µm) substituted with 1 µg/ml deoxyribonuclease (Roche Diagnostics GmbH, Mannheim, Germany) for 30 min at 37˚C. Ovarian tissues and supernatants were plated into a 10-cm petri-dish, and the tissue was scraped using a scalpel. Subsequently, the supernatant was collected, neutralized with 5% FBS and centrifuged at 600 x g for 8 min at RT. The resulting pellet was resuspended in DMEM with 10% FBS-0.05 mg/ml gentamicin-25 µg/ml plasmocin.
Cell culture. Cells from the CTRL, BOL and HGSOC groups were cultured in DMEM substituted with 10% FBS, 0.05 mg/ml gentamicin and 25 µg/ml plasmocin for 24 h, followed by 48 h in culture medium without FBS at 37˚C (5% CO 2 ). Subsequently, the supernatants were collected, centrifuged at 600 x g for 8 min at RT and stored at -20˚C until they were prepared for analysis.
Proteomic analysis Supernatant concentration. Cell culture supernatants were concentrated using Vivaspin ® 500 3 kDa (GE Healthcare Life Sciences), according to the manufacturer's protocol. The protein concentrations were evaluated using the Bio-Rad Protein assay (Bio-Rad Laboratories, Inc. Hercules, CA, USA), according to the manufacturer's protocol.
Liquid digestion of proteins. For each sample, 10 µg total proteins were dissolved in 100 µl 6 M urea and 50 mM ammonium bicarbonate (AB), and the mixture was incubated at 37˚C for 30 min. Subsequently, 2 µl of 50 mM dithioerythritol (diluted in distilled water) was added, and the reduction was carried out at 37˚C for 1 h. Alkylation was performed by adding 2 µl of 400 mM iodoacetamide (in distilled water), prior to incubation for 1 h at RT in the dark whilst being agitated. The samples were subsequently diluted 3 times in 50 mM AB and 5 µl 200 ng/µl trypsin porcine solution (sequence grade modified; Promega Corporation, Madison, WI, USA) and the digestion was performed overnight at 37˚C. Finally, the samples were desalted using a C18 microspin column (Harvard Apparatus, Holliston, MA, USA), dried and dissolved in 5% CH 3 CN/0.1% formic acid (FA) prior to liquid chromatography (LC)-electrospray ionization (ESI)-mass spectrometry (MS)/MS analysis.
Peptide fragmentation sequencing. LC-ESI-MS/MS was performed using a linear trap quadrupole (LTQ) Orbitrap
Velos (Thermo Fisher Scientific, Inc.) equipped with a NanoAcquity system (Waters Corporation, Milford, MA, USA). Peptides were trapped on a 5 µm 200 Å Magic C18 AQ (Bruker-Michrom, Auburn, CA, USA) 0.1x20 mm pre-column, and were separated using a commercial 0.075x150 mm analytical nanocolumn (C18, 5 µm, 100 Å; Nikkyo Technos Co., Ltd., Tokyo, Japan). The analytical separation was performed for 65 min using a gradient of H 2 O/FA 99.9%/0.1% (solvent A) and CH 3 CN/FA 99.9%/0.1% (solvent B). The gradient was performed as follows: 0-1 min 95% A and 5% B, subsequently 65% A and 35% B for 55 min and finally 20% A and 80% B for 65 min, at a flow rate of 220 nl/min. ESI was performed at atmospheric pressure in a positive ionization mode, without nebulizing gas. For MS analysis, the orbitrap resolution was set at 60,000 and the ion population was set at 5x10 5 with an m/z window of 400-2,000. For protein identification, ≤8 precursor ions were selected for collision-induced dissociation (CID) in the LTQ. The ion population was set at 1x10 4 (isolation width of 2 m/z), whereas for MS/MS detection in the orbitrap, it was set at 1x10 5 with an isolation width of 2 m/z units. The normalized collision energies were set to 35% for CID.
Protein identification. Peak lists (MGF file format) were generated from raw orbitrap data using the EasyProtConv conversion tool (version 1.6) from the EasyProt software platform (17) . The peak list files were searched against the SwissProt database (release 15.10 of 21-Sept-2011) using Mascot (version 2.2.0; Matrix Science, Ltd., London, UK). Human taxonomy (20,323 sequences) was specified for database searching. The parent ion tolerance was set to 10 ppm. Variable amino acid modifications were oxidized using methionine and carbamidomethyl cysteine. Trypsin was selected as the enzyme, with one potential missed cleavage, and the normal cleavage mode was used. The Mascot search was validated using Scaffold 3.6.5 (Proteome Software, Portland, OR, USA). Proteins matching two alternate peptides with a minimum probability score of 95% were selected for further analysis.
RT-qPCR. Cells from CTRL, BOL and HGSOC groups were cultured for 72 h, prior to total RNA extraction using a PureLink ® RNA Mini kit (Ambion; Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. Reverse transcription was performed with 1 µg total RNA in a final volume of 20 µl, using the High Capacity cDNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The quantitative detection of the PCR product was performed using a KAPA SYBR ® FAST Universal qPCR kit (KAPA Biosystems, Inc., Wilmington, MA, USA). The relative expression levels of gelsolin, Dickkopf protein 3 (DKK3), heat shock protein 10 kDa (HSP-10) and mRNA were normalized to the housekeeping gene, hypoxanthine phosphoribosyltransferase 1. The primer sequences are presented in Table I .
ELISA. The expression levels of gelsolin, DKK3 and HSP-10 in serum from the CTRL (n=19) or HGSOC patients (n=18) were quantified by ELISA. ELISA's for gelsolin (Aviscera Bioscience, Santa Clara, CA, USA), DKK3 (Sigma-Aldrich; Merck Millipore) and HSP-10 (Uscn Life Sciences, Inc., Wuhan, China) were performed according to the manufacturer's instructions.
Statistical analysis. Data are expressed as the mean ± standard error of the mean of various samples. For RT-qPCR, the experiments were performed in triplicate. P-values were calculated using the Student's t-test (Microsoft Office Excel 2007). P<0.05 was considered to indicate a statistically significant difference.
Potential clinical value of the nine significant secreted proteins identified between CTRL/BOL and HGSOC cells using two datasets. The PROGgene website (watson.compbio. iupui.edu/chirayu/proggene/database) was used to investigate the correlation between the mRNA expression levels of the nine significant secreted proteins identified in CTRL/BOL and HGSOC cells, and the survival rate in ovarian cancer, in the TCGA-OVAD and GSE13876 datasets.
Results
Global overview. By LC-ESI-MS/MS analysis, a total of 589 proteins were identified, as presented in Fig. 1 . The Venn diagrams revealed that 159 proteins were identified to be mutually expressed in the three groups (CTRL, BOL and HGSOC). A total of 271 proteins were exclusively secreted by HGSOC cells, 36 by CTRL cells and 10 by BOL cells. These assays allowed the identification of proteins exclusively secreted (Table IV) . These proteins were evaluated for their potential clinical value by analyzing the association between their expression level and survival, using publically available datasets (Table V) . The connective tissue growth factor (CTGF) mRNA expression level was revealed to be associated with the survival rate of patients with ovarian cancer in the TCGA-OVAD database but not in the GSE13876 database. In the GSE13876 database, insulin like growth factor binding protein 2 (IGFBP2) and vimentin mRNA expression levels demonstrated an association with the rate of survival. Furthermore, all the evaluated genes [gelsolin, DKK3, Table II . Proteins significantly and differentially secreted in CTRL and HGSOC cells. CTGF, IGFBP2, IGFBP7, colony stimulating factor 1 (CSF1), malate dehydrogenase 2 (MDH2) and vimentin] demonstrated a significant association with the rate of survival using this database. Subsequently, the present study focused on three of these proteins: Gelsolin, DKK3 and HSP-10. Gelsolin and DKK3 demonstrated significantly lower secretion in HGSOC cells, in comparison with CTRL and BOL cells (Tables II and  III) . Conversely, HGSOC cells secreted greater levels of HSP-10 proteins, compared with CTRL or BOL cells (Tables II and III) .
Gelsolin, DKK3 and HSP-10 mRNA expression levels in HGSOC and CTRL cells. In order to determine if gelsolin, DKK3
and HSP-10 expression levels are modified in cancer cells, the present study analyzed their mRNA expression levels in HGSOC and CTRL cells. Gelsolin and DKK3 mRNA demonstrated significantly lower expression levels in HGSOC cells, compared with in CTRL cells ( Fig. 2A and B) . However, HGSOC cells expressed higher levels of HSP-10 mRNA, compared with CTRL cells (Fig. 2C) .
Analysis of the selected secreted proteins in the sera of patients with HGSOC and the CTRL cohort.
The expression levels of gelsolin, DKK3 and HSP-10 were evaluated in the serum of the CTRL group and patients with HGSOC. As demonstrated Table III . Proteins significantly and differentially secreted in BOL and HGSOC cells. in Fig. 3 , circulating DKK3 does not alternate between the two groups. The expression level of HSP-10 was observed to be higher in the serum of the HGSOC group compared with CTRL patients; however, this increase was not statistically significant (Fig. 3) . The serum expression level of gelsolin was significantly different in the healthy cohort vs. the HGSOC cohort of patients (P<0.001), with decreased expression levels observed in the patients with HGSOC (Fig. 3) .
Quantification value ------------------------------------------------

Discussion
Secreted proteins are circulating proteins detectable in blood samples using highly sensitive techniques, including immunological methods (ELISA) (18) . Although in vitro culture conditions may not fully reflect the in vivo conditions, identification of ovarian proteins differentially secreted by malignant cells may be a first step towards the elucidation of ovarian cancer markers in blood samples. In this context, secretome analysis of ovarian cancer cell lines has contributed to the establishment of a list of potent biomarkers (11, 15, 16) . However, the pathological relevance of the cell line secretome is debatable. Previously, Zhang et al (16) analyzed the conditioned media of cells purified from normal ovarian tissues and tumor tissues, and established an ovarian cancer-associated conditioned media protein database. Certain proteins differentially secreted by ovarian cancer cells in comparison with normal cells, may be secreted as a general response to an acute condition and they must not be considered as tumor specific. In order to avoid this bias, the present study performed a proteomic analysis of secreted proteins from normal and BOL cells, compared with serous cancer cells purified from ovarian tissues and ascites. A total of 589 proteins secreted in the supernatant of cultured ovarian cells were identified as a result. Spectral counts, used as an evaluation of abundance, coupled with comparison of proteins identified in the supernatant of cells purified from the ovarian tissues of each group of patients, allowed the identification of proteins differentially secreted by cancer cells. Among these 589 proteins, 64 were significantly and differentially secreted by ovarian cancer cells, in comparison with normal cells. Certain proteins, including metallopeptidase inhibitor 2 (TIMP-2) and nidogen 1, had previously been identified by analysis of secreted proteins from normal and cancer cells, and validated in the serum of healthy volunteers and patients with ovarian cancer (16) . However, despite nidogen 1 and TIMP-2 exhibiting higher expression levels in the serum of ovarian cancer patients in comparison with healthy patients, the present study's proteomic analysis on conditioned media revealed the opposite. Furthermore, these proteins were not identified to be differentially secreted from HGSOC cells compared with BOL cells, suggesting that they may be secreted as a general response to an acute condition and they should not be considered as tumor specific.
A total of 21 proteins were revealed to be significantly and differentially secreted by HGSOC cells compared with BOL cells. However, only nine of the proteins identified matched those in the list of the 64 proteins differentially secreted by cancer cells in comparison with normal cells. The present study evaluated the potential of these nine proteins by analyzing the association between their mRNA expression levels and the survival rate, using publically available datasets.
The evaluated genes were determined to have a significant clinical value using the GSE13876 database. However, analysis of certain genes revealed contrary results depending on the database used, thus limiting the use of these databases for the evaluation of gene clinical potential. In particular, the mRNA expression level may not be associated with the protein expression level and/or secretion.
Among the nine significantly secreted proteins identified between CTRL/BOL and HGSOC cells, four were revealed to have an increased rate of secretion from HGSOC cells compared with BOL and CTRL cells, including, HSP-10, IGFBP-2, macrophage CSF-1 and malate dehydrogenase. These proteins have previously been studied in ovarian cancer cells (19) (20) (21) (22) (23) . CSF-1 may serve an important role in ovarian carcinogenesis, as it has the capacity to increase the invasive ability of ovarian cancer cells (24) and to promote metastasis (25) . Furthermore, high expression levels of CSF-1 are associated with poor patient outcome, suggesting that this protein may be a potential biomarker and prognostic factor (20, 21) . IGFBP-2 also serves a significant role in EOC pathogenesis and may represent an additional serum biomarker with utility in the detection and monitoring of EOC (23, 26) . HSP-10 is known to serve a role in the mechanism underlying mitochondrial protein-folding. HSP-10 is also present in additional subcellular compartments, following stress induction, and may be identified in the extracellular space and in the bloodstream, where it may be a critical factor in the suppression of T cell activation (27) . HSP-10 was present in the serum of patients with ovarian cancer, whereas it was not detected in the serum of healthy patients, suggesting that it may be secreted by ovarian cancer cells (19) . In the present study, it was demonstrated that the HSP-10 mRNA expression level was significantly lower in healthy ovarian cells, compared with in malignant cells. HSP-10 was also revealed to have a higher expression level in the serum of patients with malignant cancer, compared with in the sera of healthy patients, but this was not significant.
Subsequently, the present study investigated two additional proteins, gelsolin and DKK3, as potential markers of ovarian cancer as they exhibited a significantly lower level of secretion from ovarian cancer cells, compared with the normal and BOL cells. The Dickkopf family consists of four main secreted proteins, which are known to be antagonists of the Wnt signaling pathway (28) . However, the functional role of DKK3 in the Wnt/β-catenin signaling pathway remains unknown (28). DKK3 was previously described as a pro-angiogenic factor implicated in neovascularization during tumor development (28) . There are currently few studies on the expression of DKK3 in ovarian cancer (29) . A previous study by Jiang et al (30) suggested that this protein may be used as biomarker of ovarian cancer. Although the present study demonstrated that DKK3 is under-expressed and under-secreted by HGSOC cells compared with CTRL cells, this marker was not validated in the serum of patients.
Gelsolin is a calcium-activated actin-linked protein, present in the cytoplasm or secreted by cells (31) . The secreted form of gelsolin differs from the intracellular structure by a 25-amino acid signaling peptide and the presence of a disulfide bond between cysteine residues at positions 188 and 201 (31) . In mutant mice, this protein is associated with a number of pathologies, including inflammation and cancer (32) . Gelsolin is involved in cell motility, phagocytosis, apoptosis, platelet formation and activation (31) . Loss of gelsolin expression in human ovarian carcinoma was previously demonstrated by Noske et al (33) , and it was suggested that it may be associated with tumor grade. This decreased expression level may be mediated by epigenetic modification (33) . Despite the relatively small number of tissues and ascites samples investigated in the present study, decreased mRNA expression levels of gelsolin were revealed in HGSOC cells compared with CTRL cells, and a decrease in the level of gelsolin secreted from HGSOC cells, compared with CTRL and BOL cells, in vitro was also demonstrated. It was also revealed that the transfection of gelsolin into HGSOC cells induced a reduction in colony formation, suggesting it may have growth suppressive activity in HGSOC cells. Thus, reconstitution of gelsolin expression levels in HGSOC cells may be a promising therapeutic intervention for ovarian cancer (33) . Furthermore, gelsolin expression levels were demonstrated to be significantly reduced in the serum of patients with ovarian cancer, compared with healthy patients, suggesting that gelsolin may be a useful biomarker of ovarian cancer.
In conclusion, the proteomic approach remains a useful tool for the investigation of potential biomarkers by comparison of protein expression patterns between the CTRL and HGSOC samples. Despite the relatively small number of tissue and ascites specimens studied, the majority of proteins identified in the present study as being significantly differentially secreted from malignant and CTRL cell samples had been detected in previous studies (8) (9) (10) (11) (12) (13) (14) (15) (16) , confirming their potent and important role. To the best of our knowledge, proteins including HSP-10 and DKK3, had not previously been identified by a proteomic approach, but had been suggested as potent markers using alternate approaches (19,30) ; however the present study was unable to confirm their utility as biomarkers of serous ovarian cancer by the immunological method. Conversely, gelsolin may be a successful potential biomarker of serous ovarian cancer or a therapeutic target.
